Blood glucose and lipid regulation Chronic obstructive pulmonary disease Energy and physical performance G115 standardized ginseng extract Immune and cognitive functions a b s t r a c t Ginseng products on the market show high variability in their composition and overall quality. This becomes a challenge for both consumers and health-care professionals who are in search of high-quality, reliable ginseng products that have a proven safety and efficacy profile. The botanical extract standardization is of crucial importance in this context as it determines the reproducibility of the quality of the product that is essential for the evaluation of effectiveness and safety. This review focuses on the well-characterized and standardized ginseng extract, G115, which represents an excellent example of an herbal drug preparation with constant safety and efficacy within the herbal medicinal products. Over the many decades, extensive preclinical and clinical research has been conducted to evaluate the efficacy and safety of G115. In vitro and in vivo studies of G115 have shown pharmacological effects on physical performance, cognitive function, metabolism, and the immune system. Furthermore, a significant number of G115 clinical studies, most of them double-blind placebo-controlled, have reinforced the findings of preclinical evidence and proved the efficacy of this extract on blood glucose and lipid regulation, chronic obstructive pulmonary disease, energy, physical performance, and immune and cognitive functions. Clinical trials and 50 years of presence on the market are proof of a good safety profile of G115.
Introduction
The root of Panax ginseng Meyer has been used medicinally for thousands of years in China, Korea, and Japan for prophylactic and curative properties in cases of decreased physical and mental capacities such as tiredness, exhaustion, and weakness and during convalescence [1e5] . The pharmacological properties of ginseng were first described in detail in Bencao Gangmu (本草綱目, Great Compendium of Herbs), the most comprehensive premodern herbal textbook, written by Shizhen Li (時珍, 1518e1593). In the early middle ages, ginseng was introduced into Europe by Arabian merchants; however, owing to ignorance about the "root with the human shape," its use was banned, and it was referred to as 'Moorish devil's" business [6] . Currently, ginseng is available on the market worldwide in a variety of forms such as fresh ginseng, dried ginseng, boiled and dried ginseng, and red ginseng or as various products based on ginseng extracts. These are sold either as food, dietary, or health supplements or as herbal medicinal products (HMPs) [7, 8] . In the last fifty years, substantial preclinical and clinical research has been conducted that has improved our understanding on both the main phytocomponents that contribute to the mechanism of action and the pharmacological properties and Abbreviations: 3 0 ,5 0 -AMP, adenosine 3 0 5 0 monophosphate; AMPK, 5 0 AMP-activated protein kinase; ATP, adenosine triphosphate; CDR, cognitive drug research; CDRI, cognitive drug research index; CO, crossover; COPD, chronic obstructive pulmonary disease; DER, drug extract ratio; DB, double-blind; FBG, fasting blood glucose; FER, forced expiratory ratio; FEV 1 , forced expiration volume in one second; FVC, forced vital capacity; FEV 1 /FVC, ratio of FEV 1 /FVC; G115, standardized root extract of P. ginseng Meyer; GACPs, good agricultural and collection practices; GMPs, good manufacturing practices; HMPs, herbal medicinal products; HbAlc, glycated hemoglobin; HDL-c, high-density lipoprotein; LA, lipoic acid; LDLc, low-density lipoprotein; MVV, maximum ventilation volume; PaO2, blood oxygen pressure; PC, placebo-controlled; PEF, peak expiration flow; FEF 50 , forced expiratory flow 50 ; FEF 75 , forced expiratory flow 75 ; PEFR, peak expiration flow rate; PFTs, pulmonary function tests; PG, parallel group; PGC-1a, proliferator-activated receptor gamma coactivator-1a; pO2, partial oxygen pressure; PS, pilot study; R, randomized; RVIP, rapid visual information processing; SB, single-blind; SFR, saliva flow rate; SIgA, secretory immunoglobulin A; S-SIgA, SIgA secretion rate; SIRT1, sirtuin 1; TC, total cholesterol; TG, triglyceride; VLDL, very-low-density lipoprotein; VO 2 max, maximal oxygen consumption; WHO, World Health Organization.toxicology profile of ginseng. The main active components of ginseng were identified for the first time in 1963 [9] as ginsenosides, dammarane-type triterpene saponins, which can be further classified into 20(S)-protopanaxadiol (ginsenosides Rb1, Rb2, Rb3, Rc, and Rd) and 20(S)-protopanaxatriol (ginsenosides Re, Rg1, Rg2, and Rh1) groups according to their aglycone moieties. The quality and composition of the active components can vary according to several factors including plant species, the method of cultivation, age, and part of the plant used [10] .
Owing to this complexity, work is still ongoing to understand the pharmacology of the ginsenosides. Pharmacokinetic and toxicology profiles support the observed efficacy of ginsenosides in clinical studies [11] . When ginseng is administered orally, a significant fraction of ginsenosides are metabolized by intestinal microflora into compound K, which is now considered to be the main constituent with pharmacological effects [12, 13] . Ginsenosides are primarily metabolized in the liver and enter into the enterohepatic recirculation resulting in excretion largely through feces [14, 15] . Many pharmacological effects have been investigated through in vivo and in vitro studies for different ginseng preparations. The results have provided evidence in the antioxidant effects of ginseng in various experimental models through the enhancement of the cell stress response [16] , in inhibition of apoptosis in cultured neuronal cells [17, 18] , and in the neuroprotective activity in animal models of ischemic stroke [19] , and Parkinson [20, 21] and Alzheimer diseases [22] . Various in vivo studies have reported that the activity of ginseng on the central nervous system including learning/memory enhancement [23] , improvement of cognitive deficits [24] , reduction of addiction behavior, and opioid-induced hyperalgesia [25, 26] . Ginseng can inhibit proliferation and motility of cancer cell lines in vitro [27e29], and it possesses anticarcinogenic activity in animal models [30e32] . The anticarcinogenic effects of ginseng may be partly due to its ability to inhibit angiogenesis [33] . Notably, modulation of the immune response has been extensively characterized as pharmacological effects of ginseng, proving that it is able to modulate multiple immune cell types, in terms of proliferation, phagocytic activity [34] , cytokine expression [35, 36] , and production of antibodies [37] . Studies performed in animals have demonstrated that ginseng induces a strong immune response, protecting from both viral and bacterial infections [38e40] and enhancing the protection conferred by vaccination [41] . Pharmacological effects on the cardiovascular system have also been reported, where ginseng was able to influence nitric oxide production in vascular endothelial cells [42, 43] and to improve cardiac performance exerting cardioprotective effects in rat models [44, 45] . It has also been shown that ginseng has positive effects on both lipid and glucose metabolism in vivo [46, 47] .
Preclinical toxicological studies on oral administration of ginseng extracts have reported LD 50 values of 750 mg/kg in rats and 200 mg/kg in mice respectively. Chronic studies in rats and mice treated with ginseng at doses up to 5000 mg/kg for 2 years did not show any toxic effects; furthermore, no increases in the incidence of cancer or nonneoplastic lesions were detected [48] .
Numerous clinical trials on ginseng-based HMPs have been conducted over the last five decades with a broad spectrum of investigated indications. More recently, a series of systematic reviews have analyzed the clinical trials that have been conducted with ginseng and the effectiveness of ginseng on cognitive function [49, 50] , metabolism [51] , erectile dysfunction [52] , cardiovascular function [53] , vitality [54, 55] , and improvement of the immune system [56, 57] . The studies are heterogeneous, and in many cases, the methodological quality shows deficiencies, in particular, in the case of older studies. In general, the clinical studies indicate beneficial effects; however, because of the heterogeneity of investigated ginseng-based HMPs and study design as well as deficiencies in methodological quality and the small number of study participants, none of the systematic reviews allowed deduction of strong evidence for clinical efficacy in the respective indication.
Standardization: the prerequisite for pharmaceutical quality
In the last decades, the awareness and general acceptability of botanical products to replace or complement Western medicine is growing worldwide. Consumers' confidence and reliance on botanical products for self-medication are increasing because, being natural, such products are generally considered safe or are at least associated with fewer side effects than synthetic drugs. However, the enormous variety and qualitative variability of marketed products represent a great challenge for both consumers and health-care professionals when they have to use or recommend a botanical product. The quality of a plant extract is strictly related to the quality of the botanical source and the method of preparation [7, 8] . Measures of quality assurance such as good agricultural and collection practices and good manufacturing practices are mandatory requirements to obtain constant efficacy and safety profiles of such products [58, 59] . The quality of ginseng roots is related to the content of ginsenosides, which represent the major bioactive components responsible for the pharmacodynamic actions of this herbal drug [60] . Ginseng products on the market show a notable variation in saponin composition, whose constant content can be guaranteed by monitoring the manufacturing processdstarting from the control of the raw material to the reproducibility of the extraction processdand pursuing a strict control on the final extract through a complete set of specifications. All these processes lead to standardization, which is essential to guarantee quality, purity, safety, and efficacy of a botanical extract. According to the World Health Organization "standardization is the process of prescribing a set of standards or inherent characteristics, constant parameters, definitive qualitative and quantitative values that carry an assurance of quality, efficacy, safety, and reproducibility" [61e 63]. Only products fulfilling the basic requirements of quality have reproducible safety and efficacy profiles [8, 64] .
In this context, the standardized ginseng extract G115 is regarded as different from other ginseng extracts owing to its unique manufacturing process and represents an excellent example of a standardized extract capable of providing constant safety and efficacy profiles. Quality of G115 is in compliance with the US and European pharmacopoeias [65, 66] . According to the European pharmacopoeia [66] , G115 is obtained by ethanol extraction (40% V/ V) of the dried roots of P. ginseng Meyer and standardized on the total content (4 %) of major ginsenosides, with a drug extract ratio of 3-7:1. G115 has been the first ginseng extract to be standardized on a defined content of ginsenosides and the first extract registered in the European market (in 1961 in Switzerland) as the active ingredient of HMPs. Currently, G115 is sold worldwide according to a different status as an over-the-counter medicine, traditional HMP, or food supplement.
The aim of the current review is to highlight the importance of how the pharmaceutical quality of a botanical product used in clinical trials is an essential requirement to ensure a reliable efficacy and safety profile. The search strategy used for this review was based on the electronic databases Scopus, PubMed, and MEDLINE accessed in MayeAugust 2018. Key word searches were conducted by combining the terms "Panax ginseng" or "Ginseng" coupled with "G115." Included articles were those published after 1975, written in English or at least with the abstract in English and peerreviewed. Furthermore, only studies with G115 as a monotherapy, not in combination with other interventions (other plant extracts or drugs), were included in the review. All the preclinical and clinical studies having the aforementioned eligibility criteria on the standardized G115 extract are reported in Table 1 and Table 2 , respectively.
The science behind G115
Over the last 40 years, extensive analytical, preclinical, and clinical research has been carried out to investigate the quality, efficacy, and safety of G115. The aim of this review is to examine more closely preclinical studies that have revealed the multiple molecular targets of G115 and to report all the clinical studies carried out with G115 to date.
Preclinical studies have demonstrated that G115 shows many (often interconnected) properties in vitro and in vivo, revealing effects on blood glucose and lipid regulation, chronic obstructive pulmonary disease (COPD), energy, physical performance, and immune and cognitive functions. These findings have been summarized in a clinical setting ( Figs. 1 and 2) .
The clinical evaluation of the G115 extract has been a subject of review for a number of years (Tables 1e3). In 2005, a review by Scaglione et al. [67] highlighted the effectiveness of G115 in increasing endurance and vitality in a number of non-good clinical practice (GCP) studies, despite several clinical studies with ginseng not having shown any significant effect on the enhancement of physical performance.
The review reports that administration of G115 as an acute multiple dose is associated with enhancements in cognitive function; G115 can potentiate vaccination against the common cold and/or influenza syndrome, and it is effective in reducing the bacterial count in patients undergoing an acute attack of chronic bronchitis [67] .
Recently, a review by Neale et al has focused on the neurocognitive effects of modafinil and two standardized botanical extracts: G115 and a well-characterized extract of Bacopa monnieri, CDRI 08. The study investigated the effects of G115 on healthy human participants in a double-blind, placebo-controlled trial. G115 effect sizes (Cohen's d) were 0.86, confirming that neurocognitive enhancement from well-characterized extracts can produce cognition-enhancing effects of similar magnitude to those from pharmaceutical interventions (0.77 for modafinil) [68] .
Effect of G115 on muscle activity, blood glucose and lipid profile regulation, and quality of life
The impact of G115 on several hematological parameters during aerobic exercise has been investigated in rats. A clear physiological response was associated with G115 administration, reproducing many of the effects obtained after long-term exercise, such as increased erythrocyte count and hemoglobin levels [69] . Additional studies have suggested that prolonged treatment with G115 in rat models increases the capillary density and the oxidative capacity of the muscles in a manner similar to that observed with increased physical activity [70] .
G115 has also been shown to improve energy balance in C2C12 myotubes, dose and time dependently, and it increases adenosine triphosphate production and oxygen consumption. An increased gene expression of the metabolic sensors, 5 0 AMP-activated protein kinase and sirtuin 1, and the master regulator of mitochondria proliferator-activated receptor gamma coactivator-1a is also reported during acute exercise in mice treated with G115. In addition, G115 was able to counteract the inhibition of gene expression of 5 0 AMP-activated protein kinase and proliferator-activated receptor gamma coactivator-1a induced by prolonged exercise [71] . A.R. Bilia and M.C. Bergonzi / Quality of an herbal medicine G115 stimulates in vivo D-glucose transport into cells [72] and inhibits the formation of free radicals generated by physical stress dose dependently [73] . G115 is also effective in reducing lipid peroxidation, inflammation, and release of myocellular proteins [74] . Further analyses revealed that G115 was effective in preserving mitochondrial membrane integrity and reducing nitrate concentration and carbonyl contents in vastus and rectus muscles [75] , and it was able to protect the muscle from exercise-induced oxidative stress irrespective of the fiber type [76] .
In conclusion, preclinical studies have demonstrated that G115 is able to modulate the expression of genes involved in cellular energy expenditure, reproducing many of the effects obtained after long-term exercise, including changes at the hematological and muscular level, and exerting protective effects from exerciseinduced tissue damage through its free radical scavenging abilities.
Clinical studies conducted with G115 (Table 1 ) have validated several of the preclinical findings including the impact on metabolic activity, cognitive function, and immunomodulatory effects. Twelve studies have been published evaluating the effects of G115 on muscular activity, focusing on endurance and vitality [77, 78] , psychasthenia [79e81], and psychomotor functions [82e88] .
Studies conducted by Dörling et al. [77] demonstrated that chronic administration of 100 mg G115 twice daily provided beneficial effects on subjective physical condition and physical fitness parameters in healthy volunteers. Visual and auditory improvement (i.e., shorting of the reaction time) was observed in 81.6% of those in the G115-treated group, with only 6.6% showing no change and 11.6% having a decrease in function after 3 months. The flicker fusion threshold gave a 59.4% improvement in the G115-treated group and 29.7% improvement in the placebo group. In the G115-treated group, two-hand coordination was enhanced by 38.0%, compared with 16.6% in the placebo control group. Significant improvement in the recovery quotient of 97% was only observed in the G115-treated group. This study was followed by a series of clinical studies by Forgo and Kirchdorfer [79, 86] , Forgo [84] , and Forgo and Schimert [87] , evaluating the impact of G115 (200 mg/day) on the physical work capacity in a group of healthy young athletes. In one study, a significant improvement in aerobic capacity from 4,215 mL/min to 4,895 mL/min with a reduction in blood lactate and heart rates was observed in the G115-treated group compared with the placebo control. In the other small studies, there were reports of G115-induced increases in the oxygen absorption capacity and reduction of serum lactate and heart rate versus the placebo control. This finding was supported by a study indicating these positive effects lasted at least 3 weeks after treatment [86] but was in slight contradiction to a study demonstrating that there were no significant differences detected between the G115 and placebo groups [85] . In a further study, cardiovascular efficiency was evaluated in an older population (mean age, 50 years) after both acute and chronic administration of G115 (200 mg/day) by measuring the difference between Hb-O 2 saturation parameters. A significant increase (p < 0.05) by 4.5 mm Hg in resting arterial pO 2 uptake and a 4.3 mm Hg decrease in venous pO 2 were found in the G115-treated group compared with the placebo control after 4 weeks. This translated to an intensification of O 2 transport into the organs and tissues of the body, from 100% before to 129% after G115 treatment. G115 treatment in combination with oxygen treatment resulted in an additive increase in resting arterial pO 2 uptake to 10.1 mm Hg [82] .
Van Schepdael et al have demonstrated that G115 can prevent the loss of physical performance that is typically associated with end-of-season fatigue in habitually competing athletes. Athletes treated with 200 mg/day of G115 for 10 weeks showed an improved maximal oxygen consumption (57.9 mL to 60.4 mL), and the energy (in watts) for a heart rate of 170/min showed a related increase. Lactic acid levels were reduced significantly at the end of the first 10 weeks in both groups, with only a very small diminution in the second period of treatment. The results from the study suggested that G115 could be used as a nondoping "adaptogen" [87] .
Adaptogenic properties of G115 were supported by another study in a larger group of patients suffering from asthenia. In this study, treatment with G115 resulted in both a rise in appetite and general well-being with respect to placebo. Only the G115-treated group showed a statistically significant decrease in systolic blood pressure, of both common cold and bronchitis symptoms, with a reduction of fever, cough, otitis symptoms, sleep amelioration, and augmentation of performance. This study also demonstrated that G115 was well tolerated, with only one patient of eighty-three reporting to have experienced nausea during treatment [81] .
In longitudinal studies conducted by Mulz et al., G115 was evaluated for its ability to alleviate psychasthenic symptoms in a >50-year patient cohort. The patients were treated with either G115 alone or G115 in combination with vitamins and minerals versus the placebo control. Both treatments demonstrated an improvement in psychasthenic symptoms after 2 years of treatment, with 78% of patients experiencing alleviation of symptoms with G115 treatment alone and 72% of patients demonstrating a response to therapy in the G115 combination treatment compared with the placebo. Although treatment with G115 alone was well tolerated, treatment with the combination resulted in 2 of 28 patients experiencing minor adverse events [79] .
A study conducted by Forgo et al investigated the effect of G115 on pulmonary health and general well-being in a cohort of healthy patients. The patients in this study were grouped according to age (30e39 and 40e60 years) and gender and received either G115 (200 mg/day) or the placebo control for 12 weeks. A significant improvement was observed in the pulmonary function in the male 40-to 60-year cohort; however, the levels of testosterone and luteinizing hormones in plasma and of free cortisol in urine were unchanged for the treatment group compared with the placebo control [84] .
A number of clinical trials have been conducted to evaluate the impact of G115 on metabolic activity, with particular focus on blood glucose levels and lipid profiles. A brief summary of the key findings from these studies is discussed in the following section.
Hosseini et al evaluated the effects of G115 on fasting blood sugar levels, glycated hemoglobin, and lipid profiles in patients with type 2 diabetes. The patients treated with G115 (300 mg/day for 8 weeks) had a significant reduction in glycated hemoglobin and fasting blood glucose levels, but there was no enhancement of lipid profiles compared with the placebo control [88] .
El-Farok et al investigated the effects of G115 in patients with hypercholesterolemia consuming low-fat diet and performing onehour daily exercise. A significant reduction in low-density lipoprotein, total cholesterol, low-density lipoprotein/high-density lipoprotein, and cholesterol/high-density lipoprotein ratios, higher alpha lipoic acid, was found [89] .
A series of studies by Reay et al [90e92] investigated the effects of G115 on blood glucose levels. Two studies reported significant decreases in fasting blood glucose levels, measured one hour after a single dose of G115 (200 or 400 mg/day) in healthy volunteers, but no effect on postprandial glucose (after a 25-g glucose drink) response. In a study, there was a significant drinkeG115 interaction, suggesting that in presence of high blood glucose levels, the administration of G115 leads to a further increase in blood glucose [90e92] . A study on healthy patients demonstrated no effect on any glucoregulatory parameter investigated on Days 1, 29, and 57 of the study. Therefore, the benefits to glucose regulation associated with long-term ginseng use may only be present in populations with compromised glucose control [93] .
Effect of G115 on immune response and COPD
Several in vitro and in vivo studies have identified an immunomodulatory effect of G115. In studies conducted in mouse models, G115 demonstrated protective effect against experimental viral infection, protecting 34e40% of mice infected with the Semliki Forest virus [94] . G115 was also capable of improving antibody plaque-forming cell response and circulating antibody titer against sheep erythrocytes, immunity against the Semliki Forest virus, and natural killer cell activity in mice [95] . G115 and several fractions of the extract possess anticomplement and mitogen activities in mice spleen cell cultures, with the strongest anticomplement activity obtained with the crude polysaccharide fraction [96] . A more recent study has proposed that G115 modulates the immune response by reducing the peak of cytokine release after a few weeks of stress and stimulates the innate immune response, gradually facilitating host defense and potentiating the response against bacterial or pathogenic challenge [97] .
Diverse clinical studies have provided evidence to support the in vitro and in vivo studies, and the key findings are summarized in Table 2 . Pivotal clinical studies are discussed in the following section. In a study conducted by Scaglione et al, it was found that treatment of patients with G115 extract (200 mg/day) stimulates the immune system in humans and it is more active than an aqueous ginseng (200 mg/day) extract. Analysis of blood samples from patients treated with G115 at the 4 th and 8 th week revealed an increase in chemotaxis of polymorphonuclear leukocytes, the phagocytic index, and the total number of T3 and T4 lymphocytes when compared with the placebo control. The G115-treated cohort also demonstrated an increase in the T4:T8 ratio and the activity of natural killer cells [98] . In a further study performed by the same authors, a significant increase in phagocytosis and intracellular killing was also observed in patients treated with G115 (200 mg/ day) compared with the placebo control [99] . In addition, G115 (200 mg/day) was found to potentiate the immunity response against the common cold and/or influenza syndrome. Frequency of influenza or colds was significantly reduced (p < 0.0001) in the G115-treated group compared with the placebo control. Antibody titers at Week 8 were highest after G115 treatment, and natural killer cell activity in the treatment group was almost twice than that seen in the placebo group [100] . Moreover, G115 (200 mg/day) was more effective in reducing the bacterial clearance than in the participants receiving only antibiotics. Statistically significant differences between treatment groups were observed on Days 4, 5, 6, and 7 (p ¼ 0.0049, p ¼ 0.0104, p ¼ 0.0175, and p ¼ 0.0182, respectively), whereas a borderline trend was seen on Day 8 (p ¼ 0.0554) [101] . Finally, Engels et al proved that intake of G115 (400 mg/day) did not affect mucosal immunity, physical performance, and heart rate recovery. Before and after the intervention, each participant performed three consecutive 30-s Wingate tests interspersed with 3-min recovery periods under controlled laboratory conditions. The secretory immunoglobulin A secretion rate, secretory immunoglobulin A:protein ratio, and saliva flow rate were lower after exercise at baseline (P < 0.05) in the G115 group [102] . Salient outcome measures and results of the cited clinical studies are reported in Table 2 . Two studies by Gross et al [103, 104] demonstrated that G115 (200 mg/day) improved pulmonary function tests and respiratory endurance in patients with COPD. In the first study [103] , forced vital capacity (FVC) changed from 32.1% to 67.3% (p < 0.05) and to 72.8% (p < 0.01) after 1.5 and 3 months, respectively, whereas forced expiration volume in one second (FEV 1 ) improved from 34.75% to 44.5% (p < 0.05) and to 47.3% (p < 0.05) for the same period. The peak expiration flow rate enhanced from 37.8 AE 5% to 46.6 AE 5% (p < 0.01) and to 47.2 AE 5%, respectively. Maximum ventilation volume, an index of the endurance test, was changed from 32.7 AE 4% to 43.3 AE 4% (p < 0.01) and to 50.6 AE 4% (p < 0.01), respectively. The index of respiratory strength was improved from an maximal inspiratory pressure (MIP) of 37.3 AE 4 cmH 2 O to 44.7 AE 5 (p < 0.01) and to 51.2 AE 5 cmH 2 O (p < 0.01), respectively. At the same time, a significant improvement in oxygenation was clearly demonstrated with PaO 2 that changed from 47.0 AE 4 torr to 65.3 AE 3 torr (p < 0.05) and subsequently to 69.3 AE 4 torr (p < 0.01), respectively [103] . These findings were validated in a second study where it was observed that for G115-treated patients, all respiratory function parameters significantly increased above baseline compared with the placebo control [104] . The observed increases were as follows: FVC, 32.5%; FEV 1 , 0e27.0%; peak expiration flow, 27.5%; forced expiratory flow 50 , 45.4%; forced expiratory flow 75 , 56.9%; maximum ventilation volume, 40.4%; MIP, 47.0%; and maximal oxygen consumption, 37.5% [104] . An optimized protocol study based on previous randomized controlled trials (RCTs) and systematic reviews on Quality of Life (QoL) improvements using ginseng for COPD was developed [105] . Finally, a clinical study [106] conducted on patients with COPD confirmed the lack of exacerbations and efficacy of G115 (400 mg/day) for the improvement of quality of life and pulmonary parameters such as the FEV 1 /FVC ratio [i.e., the percent of the lung size (FVC) that can be exhaled in one second], respectively.
Effect of G115 on cognitive function
Numerous old preclinical studies have investigated the effects of G115 on cognitive function. An in vivo study conducted by Petkov [107] demonstrated that administration of G115 improved learning and memory that correlated with an increase in the 14 C-phenylalanine transport across the bloodebrain barrier. The biochemical analysis of monoamines, the adenosine 3 0 5 0 monophosphate system, and activity of phosphodiesterase and adenylate cyclase after intraperitoneal injection of G115 in the brain stem and brain cortex was carried out and revealed that G115 had an impact on brain metabolism [107] . Additional experiments in rats reported that G115 exerted the most favorable effects on learning and memory in cases where these processes had decayed because of either senescence or individual specificities [108] . Experiments using rabbit brain tissues showed a dose-related significant increase in glucose uptake with simultaneous significant reduction of lactate, pyruvate, and the lactate/pyruvate ratio in the presence of G115, indicating changes in the metabolic pathways and improving the energy balance of neuronal cells. Furthermore, G115 was found to have a stimulant, desynchronizing action on the electrocorticogram of the conscious rabbit brain [109] .
The positive influences of G115 on the central nervous system are not limited to the modulation of brain metabolism but extend toward neuroprotection. In fact, G115 treatment significantly blocked tyrosine hydroxylaseepositive cell loss in the substantia nigra and reduced the appearance of locomotor dysfunction in two rodent models of Parkinson disease [21] . In an additional study, oral administration of G115 significantly reduced dopaminergic (nigrostriatal) cell loss, prevented neuroinflammation, microgliosis, and accumulation of a-synuclein aggregates. Furthermore, G115 administration fully prevented the development of locomotor deficits [110] .
Neale et al [68] have recently reviewed some relevant clinical studies on the effects of G115 on cognitive functions, namely, studies by Reay et al [93] , Reay et al [92] , Reay et al [90] , Sünram-Lea et al [111] , Kennedy et al [112] , Kennedy et al [113] , Scholey and Kennedy [114] , and Kennedy et al [115] . This review assessed that G115 enhances cognition effects comparable with those from modafinil therapy. G115 possesses acute positive effects on secondary memory and working memory tasks. Neurocognitive G115 functions include glucoregulation, modulation of cholinergic and dopaminergic activity, and increasing nitric oxide synthesis [68] . A complete report of all the clinical studies carried out in the last 40 years, and discussed in the present review, is summarized in Table 3 .
Reay et al investigated the behavioral and mood effects of G115 in a 20-week treatment period. The study revealed improvements in working memory after a single dose of G115 (200 mg/day), whereas after chronic dosing, the results revealed both improvement and decrement in aspects of cognition and mood [116] . In a further study, the same research group investigated the effects of treatment with G115 on subjective mood and aspects of working memory processes after a dose of 200 or 400 mg of G115 [117] . In this study, dose-related treatment effects (p < 0.05) were found. Two hundred milligrams reduced a fall in mood at 2.5 and 4 h on Day 1 and at 1 and 4 h on Day 8 but decreased the replay on a mental arithmetic task on Day 1 and at 1 and 2.5 h on Day 8. Reaction time on 3-back reaction time was decreased after the 400-mg dose, but reaction time increased with 200 mg; 3-back sensitivity index scores improved with the 400-mg dose but diminished after a dose of 200 mg. G115 enhanced self-reported mood levels. The 400-mg dose also improved calmness (restricted 2.5 and 4 h on Day 1) and mental arithmetic on Days 1 and 8. The study revealed that 7 consecutive days of G115 ingestion had no effect on mood or cognitive performance [117] .
Kennedy et al [118] investigated the electroencephalograph effects of G115 (200 mg/day) or a ginkgo extract (EGb761, 360 mg/ day). The results showed that G115 led to a significant shortening of the latency of the P300 component of the evoked potential. Furthermore, significant reductions in frontal "eyes closed" theta, beta, and alpha activity were observed. These findings showed that G115 could directly modulate cerebroelectrical activity [118] .
The psychomotor performance of G115 (200 mg/day) was assessed in a study by D'Angelo et al. A positive G115 effect to baseline performance was observed in attention, processing, integrated sensoryemotor function and auditory reaction time. The G115 group was superior statistically to the placebo group only in mental arithmetic. No adverse effects were found, and laboratory parameters remained in the normal values [119] .
Quiroga and Imbriano [120] investigated the effects of G115 (1 g/ day followed by 500 mg/day) on patients with circulatory insufficiency (Table 3 ). An enhancement of more than 60% in circulatory insufficiency compared with the pretreatment value was experienced by 36% of patients (36%), with a complete recovery after 30 days of treatment, which remained constant after 60 days and 90 days. About half of the patients experienced an enhancement of approximately 30% in the cerebral flow in comparison with the pretreatment values, and about 10% of patients showed no or only short-lasting improvement [120] . In a further study by Quiroga [121] , the performance of 200 mg of G115 was compared with 3-mg Hydergin per day during 90 days. G115 treatment improved quotients between 30% and 45% with respect to the pretreatment values and Hydergin enhanced quotients of more than 50%, whereas in the placebo group, no improvement was observed [121] .
Safety evidence of G115
The safety profile of G115 has been well established both from preclinical toxicology/safety studies and clinical studies in healthy volunteers and in patients with defined health conditions. In vivo dose escalation or maximum tolerated dose studies with G115 have established a LD 50 value higher than 5000 mg/kg/day and 1000 mg/kg intraperitoneally for rats and mice, respectively. The same extract given to rats at doses of 4000 mg/kg/day for 20 days resulted in normal levels of both hematological and histological biomarkers. G115 administered to beagle dogs in doses up to 15 mg/kg/day for 90 days did not cause any subchronic toxicity. G115 was also investigated on growth, reproduction, lactation, and maturation of male and female SpragueeDawley rats. At doses ranging from 1.5 to 15 mg/kg/day, G115 did not show adverse effects on the reproductive parameters evaluated or treatmentrelated effects on animal behavior, physical appearance, or food consumption. No chronic carcinogenetic studies of ginseng on experimental animals have been found in the literature [123] .
High tolerability of G115 is evidenced in human clinical trials. Although rare, reported adverse effects from G115 treatment are mild and mainly gastrointestinal or sleep-related, including stomach discomfort, nausea, vomiting, diarrhea, constipation, headache, and insomnia. Furthermore, hypersensitivity reactions such as urticaria and itching as well as eye burning have been reported in a mild and transient way [2e4,18] . This is in agreement with a recent review that has highlighted that no significant side effects have been observed in the supplementation with diverse preparations of ginseng [123] . However, drug interactions can occur, in particular, in anticoagulants such as warfarin [122] . G115 has also been used and marketed as a medical product worldwide for decades, but no serious adverse events have been reported. Epidemiological studies, postmarketing surveillance trials, and spontaneous reporting schemes clearly correlated with the ingestion of G115 [2e 4]. Taken together, these data support the claim that G115 is a welltolerated natural medicine.
Conclusions
This review focuses on the studies of the well-characterized ginseng extract G115, providing evidence that quality is essential to define constant efficacy and safety profiles in pharmaceutical interventions. It is well known that poor standardization causes difficulties in the evaluation of data obtained from animal experiments and clinical studies, and consequently, data from different trials cannot be compared. This partially explains the inconsistent findings obtained from some clinical trials over the past decades, which prevent any firm conclusions being drawn on the efficacy of ginseng. By contrast, products fulfilling the basic requirements of quality have reproducible safety and efficacy profiles [63, 64] . This is the case of the standardized extract G115. In fact, numerous clinical studies, most of them double-blind, placebo-controlled trials of scientific relevance, have proved the efficacy of G115 on blood glucose and lipid regulation, COPD, energy, physical performance, and immune and cognitive functions. Moreover, the safety profile is also recognized to be very good with less frequent and milder side effects than those of other therapies. Clinical trials and 50 years of presence on the market are proof of a good safety profile of G115.
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